Apolipoprotein A-V is present in bile and its secretion increases with lipid absorption in Sprague-Dawley rats. Am J Physiol Gastrointest Liver Physiol 309: G918 -G925, 2015. First published October 1, 2015; doi:10.1152/ajpgi.00227.2015.-Apolipoprotein (apo) A-V is a protein synthesized only in the liver that dramatically modulates plasma triglyceride levels. Recent studies suggest a novel role for hepatic apoA-V in regulating the absorption of dietary triglycerides, but its mode of action on the gut remains unknown. The aim of this study was to test for apoA-V in bile and to determine whether its secretion is regulated by dietary lipids. After an overnight recovery, adult male Sprague-Dawley bile fistula rats indeed secreted apoA-V into bile at a constant rate under fasting conditions. An intraduodenal bolus of intralipid (n ϭ 12) increased the biliary secretion of apoA-V but not of other apolipoproteins, such as A-I, A-IV, B, and E. The lipid-induced increase of biliary apoA-V was abolished under conditions of poor lymphatic lipid transport, suggesting that the stimulation is regulated by the magnitude of lipids associated with chylomicrons transported into lymph. We also studied the secretion of apoA-V into bile immediately following bile duct cannulation. Biliary apoA-V increased over time (ϳ6-fold increase at hour 16, n ϭ 8) but the secretions of other apolipoproteins remained constant. Replenishing luminal phosphatidylcholine and taurocholate (n ϭ 9) only enhanced apoA-V secretion in bile, suggesting that the increase was not due to depletion of phospholipids or bile salts. This is the first study to demonstrate that apoA-V is secreted into bile, introducing a potential route of delivery of hepatic apoA-V to the gut lumen. Our study also reveals the uniqueness of apoA-V secretion into bile that is regulated by mechanisms different from other apolipoproteins. bile fistula; fat absorption; negative feedback regulation; chylomicron; bile salts SECRETION OF BILE IS a unique function of the liver and serves many purposes: 1) bile salts enable the micellar solubilization and absorption of fat, 2) IgA in bile protects against infection, and 3) liver-derived metabolites, some toxic, are secreted into bile for excretion from the body. The composition of bile is complex, containing bile salts, lipids (namely phospholipids and cholesterol), and proteins (albumin, secretory component, IgA, apolipoproteins) and their secretions vary with the nutritional state of the individual (see reviews in Refs. 5, 38).
SECRETION OF BILE IS a unique function of the liver and serves many purposes: 1) bile salts enable the micellar solubilization and absorption of fat, 2) IgA in bile protects against infection, and 3) liver-derived metabolites, some toxic, are secreted into bile for excretion from the body. The composition of bile is complex, containing bile salts, lipids (namely phospholipids and cholesterol), and proteins (albumin, secretory component, IgA, apolipoproteins) and their secretions vary with the nutritional state of the individual (see reviews in Refs. 5, 38) .
Generally known to be synthesized only by the liver (26, 39) , apolipoprotein (apo) A-V profoundly modulates plasma triglyceride levels. Compared with wild-type mice, apoA-V knockout (KO) mice have drastically elevated plasma triglyceride levels while transgenic mice overexpressing apoA-V have profoundly reduced plasma triglyceride levels (26) . In humans, apoA-V polymorphisms correlate with hypertriglyceridemia and cardiovascular disease (17, 20, 23, 26, 28) . Intravenous injection of recombinant apoA-V protein can lower plasma triglyceride levels in hypertriglyceridemic apoA-V KO mice (33) , demonstrating the therapeutic potential of apoA-V in hyperlipidemia.
Recent studies from our laboratory reveal a novel role for apoA-V in modulating the absorption of dietary lipids and subsequent production of chylomicrons by the gut. ApoA-V KO mice display a twofold increase in the transport rate of dietary lipids into the lymph, which was correlated with increased intestinal apoB secretion (43) . Although previous studies have reported an effect of apoA-V on postprandial triglyceride metabolism (9, 21) , no studies had examined the possibility that apoA-V may affect triglyceride handling by the gut, with the general assumption that apoA-V is not synthesized in the gut. Our previous study (43) was first to report a direct role of apoA-V in lipid absorption. However, an interesting question arises: how does hepatic apoA-V gain access to the small intestine? We hypothesize that the liver secretes apoA-V into bile to provide a luminal source of apoA-V that may regulate the formation and secretion of chylomicrons.
The aim of this study was to test for apoA-V secretion into bile and, if present, to study how its secretion into bile is regulated by dietary lipid absorption. We employed the bile fistula rat model because the rat lacks a gallbladder and thereby is a suitable animal model for measuring biliary secretion rates. Additionally, the bile fistula model allows for the study of bile secretion over a period of time rather than a single sample collected at one time point. In the present work, we show for the first time that apoA-V is indeed present in bile. Furthermore, we showed that its secretion increases in response to absorption of dietary lipid into lymph. We also observed that bile drainage stimulates the secretion of apoA-V into bile during the day of surgery, which occurs independently of the deprivation of luminal phospholipids and bile salts.
MATERIALS AND METHODS
Animal models. Sprague-Dawley rats were purchased from Harlan Sprague Dawley (Indianapolis) and were allowed to acclimatize to the vivarium environment for at least 2 wk prior to the experiment. The rats were maintained on standard rodent chow (LM-485 Mouse/Rat Sterilizable Diet; Harlan Laboratories, Madison, WI) and were housed under conditions of controlled temperature, humidity and a normal 12:12-h light-dark cycle at the University of Cincinnati Laboratory Animal Medical Services. Only 3-to 4-mo-old males were used in the study. Prior to surgery, animals were fasted overnight with free access to water. The following morning, the animals were anesthetized with isoflurane. The surgical procedures are detailed below. After surgery, the animals were placed in Bollman restraining cages in an environment maintained at a temperature of 30°C to prevent hypothermia. Normally animals nestle together to keep warm but they cannot do so because of restriction of the Bollman cages. Despite restraints, the animals still had considerable freedom to move forward and backward and sideways. The animals were allowed to recover overnight from surgery while receiving a continuous intraduodenal infusion of 5% glucose-saline solution. All procedures were performed in accordance with the University of Cincinnati Internal Animal Care and Use Committee and in compliance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Bile fistula surgery with duodenal cannulation. The common bile duct, just below the two hepatic ducts, was cannulated with polyvinylchloride tubing tipped with polyethylene tubing [0.20-mm inner diameter (ID); 0.50-mm outer diameter (OD), BIOCORP Aust, Victoria, Australia] and exteriorized through a stab wound in the animal's right flank, as previously described (37) . The fundus of the stomach was incised to introduce a silicone feeding tube (0.5 mm ID; 0.8 mm OD) through the stomach, ϳ2 cm into the duodenum. The tube was secured by a purse-string suture and the incision was sealed with a drop of tissue glue. After surgery, 5% glucose-saline was infused intraduodenally at 1.5 ml/h to replace fluid and electrolyte lost by bile diversion. Bile was collected hourly by gravity drainage into microcentrifuge tubes on ice for various times as indicated in RESULTS. In some experiments the glucose-saline infusion was replaced by saline or by 6.6 mM phosphatidylcholine for the phospholipid (PL) and 10 mM sodium taurocholate (NaTC) in saline to replenish the loss of these important components of bile through interruption of the enterohepatic circulation by bile drainage. Taurocholate was used because it is the primary bile salt in the rat (2) and used by previous investigators studying the rat (6, 31) .
Lymph fistula surgery with duodenal cannulation. To measure the absorption and transport of intestinal lipids, we used the lymph fistula model in a separate cohort of animals. The mesenteric lymph duct was also cannulated with polyvinylchloride tubing (0.20 mm ID; 0.50 mm OD), with the slight modification of original procedures (4) by securing the cannula with a drop of tissue glue instead of suture. As described above, a silicon feeding tube was introduced through the stomach into the duodenum for saline or lipid infusions. After surgery, 5% glucose-saline was infused intraduodenally at a rate of 3.0 ml/h to compensate for fluid and electrolyte loss due to lymphatic drainage. After overnight recovery, the animals were given a 3-ml intraduodenal bolus of Liposyn III 20% (Hospira, Lake Forest, IL), which contained 20% soybean oil, 1.2% egg phosphatides, and 2.5% glycerin in water. To avoid a volume overload in the small intestine, we waited 30 min before giving a continuous intraduodenal infusion of saline or 6.6 mM PL and 10 mM NaTC, as indicated in RESULTS. Lymph was collected by gravity drainage in microcentrifuge tubes on ice for 6 h.
Measurement of apolipoproteins. Apolipoproteins A-I, A-IV, A-V, B, and E were quantitated by Western blotting, and 2 l of bile samples were loaded onto 4 -15% polyacrylamide gradient gels and transferred to polyvinylidene difluoride membranes. Following trans- Supplementing bile fistula rats with a continuous intraduodenal infusion of phosphatidylcholine (PL) and taurocholate (NaTC) restored lymphatic triglyceride (TG) transport to the same level as bile intact rats. Bile intact or bile fistula rats were given an intraduodenal bolus of lipids, respectively. Another cohort of bile fistula rats was given an intraduodenal supplement of phospholipid-taurocholate showed the same lymphatic triglyceride output as bile-intact rats. Without the phospholipid-taurocholate supplemental infusion, bile fistula rats transported triglycerides poorly into lymph. All values are means Ϯ SE. **P Ͻ 0.01, ***P Ͻ 0.001 is significance comparing Lipid, Bile fistula vs. Lipid, Bile-intact.
fer, membranes were blocked with 5% nonfat milk in 0.1% Tween 20 in Tris-buffered saline (TBS) for 1 h. Membranes were incubated with antibodies raised against apoA-I, A-IV, A-V, B, and E (each 1:5,000) overnight. After a rinsing with TBS with 0.1% Tween 20, membranes were incubated with peroxidase-conjugated anti-goat secondary antibody at 1:10,000 for 30 min and developed with Immobilon Western Chemiluminescent horseradish peroxidase substrate (Millipore, Billerica, MA). Protein quantification was performed by densitometric analysis of films using Total Lab Quant Analysis Software (TL100, FOTODYNE, Hartland, WI).
Measurement of triglyceride, cholesterol, phospholipids, and bile salts. Triglyceride concentration was measured by Total Triglyceride assay kits (Randox Laboratories, Kearneysville, WV). Cholesterol was measured by chemical assay using Infinity Cholesterol Liquid Stable Reagent (Fisher Diagnostics, Thermo Scientific, Middletown, VA). Phospholipid was measured by chemical assay using Phospholipids C reagent (Wako Diagnostics, Mountain View, CA) after dilution of samples 1:5 in saline. Bile acids were measured by enzymatic assay using Rat Total Bile Acids Kit (Crystal Chem, Downers Grove, IL) after bile samples were diluted 1:100 in 70% ethanol, as recommended by the manufacturer for bile. All assays were performed according to the manufacturer instructions.
Statistical analysis. The data shown are means values Ϯ SE. Two-way repeated-measures ANOVAs with Sidak multiple-comparisons posttest analysis were used. Statistical analyses were performed with GraphPad Prism v6. Data were considered significant if P was less than 0.05.
RESULTS

ApoA-V is present in bile and is secreted at a constant rate under fasting conditions
. After a 24-h recovery from surgery, bile fistula rats received an intraduodenal infusion of saline at 1.5 ml/h while bile was collected hourly by gravity drainage. The presence of apoA-V in bile was quantitated by Western blot. ApoA-V was indeed present in bile and was secreted at a constant rate under fasting conditions (Fig. 1A) . This is based on the fact that bile flow rate did not vary during the study (Fig.   1B ). For the Western blot analysis, we used 2 l of each hourly bile sample. Biliary secretion, or output, was determined by relative concentration ϫ bile flow.
ApoA-V secretion into bile increases after lipid absorption. We next sought to determine whether apoA-V secretion into bile is regulated by dietary lipid absorption. However, lipid digestion and transport into lymph are compromised in bile fistula rats (29) , likely because of the lack of luminal phosphatidylcholine for adequate coating of chylomicrons (36) . The lack of bile salts in the lumen of the bile fistula rats impaired micellar solubilization of fatty acids monoacylglycerols for efficient uptake by the enterocytes (13) across the unstirred water layer that borders the luminal surface of intestinal cells (41) . Therefore we infused 6.6 mM phosphatidylcholine and 10 mM sodium taurocholate (PLϩNaTC) continuously into the duodenum at 1.5 ml/h for 2 h before administering the lipid bolus and for the remainder of the experiment. To confirm that lipid absorption in the bile fistula rats was restored by PLϩNaTC infusion, a separate control experiment was performed with intestinal lymph collection in addition to bile diversion (see MATERIALS AND METHODS). Figure 2 shows that our regimen of PLϩNaTC infusion into bile fistula rats resulted in normal lymphatic fat transport, both in timing and extent, compared with bile-intact control rats. As expected, lymphatic fat transport was reduced in bile fistula rats without the PLϩNaTC supplement (Fig. 2) .
With these conditions, we proceeded to test the biliary response of apoA-V to dietary lipids. Figure 3A shows that apoA-V secretion into bile increased approximately sixfold in response to active dietary lipid absorption and did not increase in response to saline. The increase began 3 h after administration of the lipid bolus (P Ͻ 0.01 at hour 6). Compared with the results shown in Fig. 2 , the increase of biliary apoA-V was well correlated with the maximal triglyceride delivery into lymph. The lipid-induced increase was abolished in animals given lipid but with no phospholipid/bile salt supplementation (Fig.  3) , suggesting that biliary apoA-V stimulation required the lymphatic lipid flux associated with the production of triglyceride-enriched chylomicrons.
To determine whether the lipid-induced increase was specific to apoA-V or a general response of the biliary secretion of apolipoproteins in response to lipid absorption, we measured the biliary outputs of the other apolipoproteins. Figure 3B shows that, except for a modest twofold increase of apoA-I, the biliary secretions of other apolipoproteins (apoA-IV, apoB, apoE) were not affected by active dietary lipid absorption. This indicated that the dramatic increase of biliary apoA-V output in response to dietary lipid was specific, suggesting a possible role for biliary apoA-V in dietary lipid absorption. Lipid treatment did not affect the rate of bile flow, which remained between 0.8 and 1.0 ml/h (Fig. 3C) . Taken together, the data show that apoA-V secretion into bile is regulated by active absorption of dietary fat.
Dietary lipids do not significantly stimulate biliary secretions of lipids or bile salts. We next determined whether the increase in biliary apoA-V secretion was correlated with increased secretion of biliary lipids or bile salts. Lipid treatment did not significantly change the biliary outputs of cholesterol and bile salts compared with saline treatment (Fig. 4, A and B) . Lipid treatment increased total biliary phospholipid output (P Ͻ 0.05 in treatment factor, two-way ANOVA) with the increase apparent at 1 and 2 h following administration of the lipid bolus, but there were no statistical differences between groups at individual time points (Fig. 4C ). Taken together, we conclude that a single bolus of dietary lipid does not significantly impact the biliary secretion of cholesterol and bile salts, with the possible exception of phospholipid, thus reinforcing the unique response of biliary apoA-V secretion to dietary lipid.
Acute response of biliary ApoA-V to bile fistula surgery. In the previous experiments, we allowed the animals to recover from surgery for 24 h before proceeding to our lipid studies. Although this experimental design is consistent with previous studies (1, 16, 37) , it diverts bile and interrupts the enterohepatic circulation. Because bile salts and farnesoid X receptor (FXR) ligands were found to stimulate hepatic apoA-V promoter activity in vitro (27) , we wondered whether the biliary output of apoA-V responded to bile drainage per se during the initial period after surgery. We expected that apoA-V secretion into bile would decrease with bile drainage, which is expected for bile flow and the biliary outputs of other lipids (35) . Interestingly, the biliary output of apoA-V increased over time during the 16-h study (P Ͻ 0.01 at hour 16 relative to hour 1 after bile duct cannulation) (Fig. 5A) , while the outputs of other apolipoproteins remained constant (Fig. 5B) , suggesting that bile diversion uniquely upregulated the secretion of apoA-V into bile.
After bile fistula surgery, bile flow decreased from 0.80 ml/h (initial flow rate) to 0.60 ml/h during the 16-h period that we studied (Fig. 6A) . Additionally, the biliary outputs of cholesterol (Fig. 6B) , bile acids (Fig. 6C) , and phospholipids (Fig.  6D) decreased ϳ50, 60, and 80%, respectively. Taken together, the data show that while bile flow and biliary lipid and bile salt outputs decreased, the biliary output of apoA-V increased with bile drainage after bile fistula surgery.
Biliary ApoA-V in response to luminal phospholipids and bile salts. To test whether the increased output of apoA-V into bile was due to diversion of biliary phosphatidylcholine and bile salts from the enterohepatic circulation, we gave an intraduodenal infusion of phosphatidylcholine and taurocholate solution at physiological concentrations (matched to the phospholipid and bile salt concentration immediately after surgery) to restore these components of the enterohepatic circulation. Interestingly, instead of preventing the increase of biliary apoA-V output, the phospholipid-taurocholate infusion further enhanced biliary apoA-V output dramatically after 16 h compared with the saline group (statistically significance P Ͻ 0.01 after 24 h) (Fig. 7A) .
The phospholipid-taurocholate infusion did not change bile flow for the first 12 h of infusion (which dropped from 0.8 to 0.5 ml/h for both groups) but significantly increased bile flow after 16 h, from 0.5 to 1.0 ml/h (P Ͻ 0.001) (Fig. 7B) . This shows that phospholipid-taurocholate stimulated the secretion of apoA-V into bile, in addition to stimulating bile flow. Importantly, the data indicate that loss of biliary phospholipids and bile salts with bile drainage was not responsible for the increased biliary output of apoA-V after bile fistula surgery.
DISCUSSION
ApoA-V is an apolipoprotein made only in the liver that dramatically modulates plasma triglyceride levels, both fasting (26) and postprandially (9, 21) , through mechanisms related to lipolysis, hepatic uptake, or hepatic secretion of lipoproteins that have been so ably reviewed by Forte et al. (8) . We have recently reported a novel role for apoA-V in the absorption of dietary lipids by modulating the uptake and secretion of lipids packaged as chylomicrons into the lymph (43) . However, the mode of how hepatic apoA-V is delivered to the gut is unknown.
While hepatocytes secrete triglycerides, cholesterol, cholesterol ester, and phospholipids basolaterally into plasma as very-low-density and high-density lipoprotein particles, hepatocytes also secrete bile salts as monomers as well as phos- pholipid and cholesterol as vesicles into bile. Apolipoproteins A-I, A-II, C-II, C-III, and B are also secreted into bile (30) , either directly by hepatocytes or following uptake of lipoproteins from plasma (18) . The functions of these biliary apolipoproteins are not well understood but they may be involved in the solubilization of biliary lipids. ApoA-I and apoA-II have been demonstrated to prolong the nucleation time of solid cholesterol monohydrate crystals as studied in model bile (19) . Biliary apoA-I and the apolipoprotein anionic peptide factor has been shown to regulate dietary cholesterol absorption (14) .
Our finding that apoA-V is present in bile introduces a second route, the first being via the circulation, by which this unique hepatic apolipoprotein is presented to and affects the function of enterocytes. From the circulation, the effect of apoA-V would be mediated through the basolateral membrane of the hepatocyte, whereas the biliary route presents the possibility that apoA-V may function apically: either through a luminal effect in the gut or intracellularly if it is taken up apically by enterocytes. Although an intracellular function for this protein has been described in the liver (3, 32) , its function in enterocytes has not been explored and will no doubt be actively investigated in other laboratories as well as ours. A more fundamental question is whether biliary apoA-V escapes hydrolysis in the small intestinal lumen and, if so, is it taken up by the enterocytes? Siddiqi and colleagues (34) have recently examined this question in an initial report. Very interestingly, they found that apoA-V in the intestinal lumen can escape proteolysis, can remain intact, and is taken up by enterocytes by a mechanism that involves interaction with the fatty acid transporter CD36 and with caveolin-1, the main scaffolding protein in caveolar membranes. Although apoA-V is generally established to be expressed exclusively in the liver, it should be pointed out that extremely low mRNA expression levels of apoA-V have been observed in intestinal tissues of C57BL/6J mice (1,000 times lower than liver mRNA expression) and in intestinal polyAϩmRNA samples of humans (32,000 times lower than liver expression) (11) . However, in that study, Western blotting analyses of colon and colonϩjejunum tissues showed that apoA-V protein from intestinal lysates was onesixth of that of liver lysates. Extrapolated from our study, the protein product recovered from tissue lysates may not necessarily come from intestinal synthesis but rather may represent sources such as the bile. Thus whether the small intestine synthesizes apoA-V remains a possibility; however, the contribution from bile cannot and should not be ignored. On the basis of our data, the contribution of apoA-V from bile to enterocytes seems to significantly outweigh that produced endogenously by the gut.
If apoA-V is indeed absorbed through a system involving CD36 and caveolin-1, then an additional consideration than its effect as an absorbed molecule is whether its action might be mediated through CD36. CD36 is abundantly expressed in the gastrointestinal tract, with its expression highest in the duodenum and jejunum (24) , and has been shown to affect chylomicron production (7, 25) partially by facilitating the uptake of fatty acids (24) . One potential mechanism of increased fatty acid uptake is enhanced intracellular esterification without catalyzing the translocation of fatty acid across the plasma membrane (40, 42) . With CD36 being central to fatty acid uptake via its effects on intracellular metabolism, it is plausible that biliary apoA-V may be affecting fatty acid transport through CD36. Additionally, we cannot rule out the contributive effects of other proteins involved in apical fatty acid transport and metabolism, beside CD36, such as caveolin(s), other fatty acid transport proteins, intracellular fatty acid binding proteins, and enzymes involved in the conversion of fatty acids to esters.
Our finding that the secretion of apoA-V into bile increases in response to dietary lipids is consistent with our previous report that apoA-V modulates chylomicron production (43) . The increase of biliary apoA-V occurred 4 h after lipid administration, concomitant with maximum lymphatic output of triglyceride, which strongly suggests a link between lipid flux (as chylomicrons) from the small intestine and the stimulation of hepatic apoA-V secretion into bile. Furthermore, our finding that the increase in biliary apoA-V secretion was abolished when lymphatic fat transport was poor further reinforces the notion that a lipid flux is required to stimulate hepatic apoA-V secretion into bile. Whether the hepatic uptake of chylomicron remnants is the signal is a possibility, and this question is currently being explored in our laboratory. It should be pointed out that this research undertaking is complex, potentially in- Fig. 7 . Biliary apoA-V output remained increased after bile fistula surgery even after phospholipid-taurocholate treatment. A: biliary apoA-V output. B: bile flow. Immediately after bile fistula surgery, rats were given either a continuous intraduodenal infusion of 5% glucose-saline or a physiological concentration of phospholipid-taurocholate for 27 h. Biliary apoA-V concentration was determined by Western blot and quantified by densitometry. Output was determined by concentration ϫ bile flow. All values are means Ϯ SE. **P Ͻ 0.01, ***P Ͻ 0.001 volving numerous mechanisms, and requires the appropriate controls.
The fact that the biliary output of apoA-V increased significantly while the outputs of other apolipoproteins remained constant indicates that dietary lipid regulation of apoA-V is unique and is not a marker of generalized hepatic response to a physiological challenge of diet or surgery. For instance, it has been demonstrated that the intestinal secretion of apoA-IV increases approximately twofold during active fat absorption (12, 15, 43 ). Yet our data show that active fat absorption did not modify the biliary secretion of apoA-IV. Additionally, hepatic secretion of biliary lipids and bile salts in response to the fat load did not change significantly as expected (5, 10) , with the possible exception of phospholipids, which is also in agreement with the response of apoA-V being a unique phenomenon.
Independent of the lipid stimulus, we found that apoA-V secretion into bile increased after bile fistula surgery while the secretion of other apolipoproteins remained constant, suggesting that bile drainage specifically affected apoA-V. This effect is also recently seen in chow-fed male C57BL/6J mice (Wang DQH, unpublished observations). Since the apoA-V promoter contains a FXR response element and its activity is stimulated by bile salts in vitro (27) , we wondered whether drainage of bile salts affected the secretion of apoA-V into bile. Unexpectedly, the secretion of apoA-V into bile increased steadily with time. However, when intestinal phospholipids and bile salts were restored by intraduodenal infusion, apoA-V secretion into bile increased severalfold higher than with only saline infusion. This latter result, at least, is consistent with the idea of Prieur et al. (27) that bile salts can stimulate hepatic apoA-V expression. Taken together, these results suggest that increased biliary apoA-V secretion after bile fistula surgery did not result from depletion of phospholipids and bile salts, two major components of bile. This is the first report of the presence of apoA-V in bile and we conclude that hepatic apoA-V secretion into bile is regulated by active intestinal lipid absorption, although the mechanisms remain to be determined. Our present findings, combined with those reported previously (43) , are consistent with a physiological role for biliary apoA-V in modulating lipid absorption in the intestinal lumen. Additionally, apoA-V was reported as a factor in early liver regeneration in 2001 when it was discovered by van der Vliet and colleagues (39) , who suggested that upregulation of apoA-V served as a protective response by the liver to inhibit hepatic lipid uptake, to protect a hepatectomized liver from a lipid overload. Given the evidence that apoA-V inhibits triglyceride secretion in apoBcontaining lipoproteins (3), one might also surmise that its upregulation in response to partial hepatectomy may be a means to retain lipids for new membrane assembly or for energy reserves, since regenerating liver hepatocytes accumulate fat microdroplets within a day of partial hepatectomy (22) . We propose that increased apoA-V secretion into bile in response to intestinal lipid absorption occurs irrespective of bile drainage and constitutes a physiological mechanism to regulate the intestinal formation and secretion of chylomicrons. As such, apoA-V-dependent attenuation of chylomicron assembly and secretion may protect the liver from chylomicron remnant lipid flux overload. Furthermore, we believe that apoA-V also serves as a link between the liver and the gut in coordinating lipid metabolism during physiological states, e.g., fasting, and during active lipid absorption.
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